This is the third in a series dealing with chronic diseases and early exposure to airborne mixtures from industrial releases. The purpose of this study is to increase the understanding of previously unconsidered factors in the physical environment potentially acting as risk factors for female breast cancer. Data are from the Environmental Quality Database containing lifetime residential records for about 20,000 cases, with 1 of 15 cancers and about 5000 controls. Subjects resided within 25 km of all kraft mills, sulfite mills, coke ovens, oil refineries, copper, nickel and lead/zinc smelters operating in Canada in [1967][1968][1969][1970], and were aged o31 years. Subjects are exposed at home to simultaneous counter-current plumes of dioxin congeners and dimethyl sulfate (DMS) during the exposure period. DMS concentration increases with time of flight from the source and [SO 2 ] at 2 km. For all source types the number of cancers in an age cohort declines as the age of the cohort increases. The number of cases less than the median distance is less than the number of cases greater than the median distance. This supports the presence of a new source of risk with an origin in the plume. The crude rate of breast cancer, averaged over the 25 km of the study area for each age cohort o31 years of age, as well as source type, is least when the conditions of initial exposure are [SO 2 ]Z[DMS] and increases as [DMS] increases. The probability of an adverse effect from early, intermittent and simultaneous exposure to Dioxin and DMS, manifesting as a breast cancer after a latency period of as little as 26 years, is a function of age of first exposure, distance from the source and source type. The most susceptible age cohorts are the youngest.
Introduction
This study examines early residential exposure to the simultaneous presence of two products of industrial activity, dioxins and dimethyl sulfate. The median carcinogenic potency of dimethyl sulfate has been estimated as 0.83 and that of 2,3,7,8-TCDD, the most toxic dioxin convener, as 6780, with respect to dimethylnitrosamine (Glass et al., 1991b) . This study uses data from the Environmental Quality Data Base (EQDB) (Johnson et al., 1994; Argo, 2007a) .
The EQDB is explicitly designed to address the epidemiological confounder, mobility. Mobility can be described as the tendency of a subject, case or control, to change residence on a fairly regular basis. The EQDB unites adult cases collected in 1993-1995 with conditions of first exposure, thereby eliminating any effects from mobility. Here, first exposure is in 1967-1970. This study examines the influence on breast cancer incidence of residing within 25 km of all kraft and sulfite mills, coke ovens, oil refineries, copper, nickel and lead/zinc smelters operating in Canada, in 1967 Canada, in -1970 , for female participants aged in utero to the age of o31 years. Records of subjects from Quebec and New Brunswick are potentially incomplete and subjects and source types in these provinces are excluded. All similar source types operating in [1967] [1968] [1969] [1970] are represented with a single surrogate (Argo, 2007b ). An air pathway is assumed and intermittent exposure attributed to wind is acknowledged. These conditions permit a minimum of 23 (i.e., 1993-1970) years' latency.
A preliminary examination of these seven source types indicated that the number of all cancers downwind increased, after an initial decline, as the distance from the source increased, and the increased number of cases appeared to continue beyond B12 km for all source types (Argo, 2000) . A more recent exposure assessment for these seven source types (Argo, 2007b) documents releases from the process employed by the industry sector and by fueling the process with oil, natural gas, coal or wood/bark in external boilers.
A relative potency methodology is adopted to include as many of the chemicals released into the plume as possible. Retrospective exposure assessment, including releases to air, water, food and soil, is a procedure to identify and evaluate chemical exposures in the past, and is greatly simplified when the toxic mixture of the plume can be simplified to a single, easily determined quantity (Argo, 1998) . Plumes are reduced to an expression of dose relative to a reference compound,
Dioxin
Chloride is a common contaminant in fuels and its presence in the flame with organic matter is a necessary and sufficient condition to form dioxin congeners downwind of a source (Pandompatam et al., 1997; Fleischer et al., 1999; Mihaltz et al., 2000; Yasuhara et al., 2001) . Dioxin congeners, as a by-product of combustion, are reported from the use of wood/bark, coal or heavy oil as fuel in external boilers (US-EPA, 1998) .
The IARC classification of dioxin has been upgraded from ''possible human carcinogen'', group 2B, to ''human carcinogen,'' group 1 (Mandal, 2005) . A unit risk of 2.9 Â 10 À6 (pg/m 3 ) À1 for dioxin and cancer has been proposed (Paustenbach et al., 1991) . The best estimate of lowest observed adverse effect level for dioxins has been recently reported as B160 ng/g (body burden), and a reference dose (RfD) between 1 and 10 pg/kg BW/day (Greene et al., 2003) . Chronic exposure to dioxins carries a long-term excess risk of soft tissue sarcoma associated with exposure to any polychlorinated dibenzodioxin or -furan with an odds ratio (OR) ¼ 5.6 (CI ¼ 1.1-28). This is a substantial risk suggestive of cause (Kogevinal et al., 1995) . Several factors determine the persistence of dioxin congeners in the body, including dose, quantity of body fat, binding to liver proteins and rate of metabolic transformation and excretion. Both humans and animals accumulate dioxin congeners (greenfacts.org/dioxins/1-2/ dioxins-99.html). The half-life of dioxin excretion appears to vary from B8 to 15 þ years. Dioxins can alter key biochemical and cellular functions by binding to the cellular AhR receptor. The broad range of Ah-receptor-binding affinities seen in human placenta samples suggests that the response to dioxin congeners varies significantly from person to person (greenfacts.org/dioxins/1-2/dioxins-99.html).
Owing to their larger surface-to-volume ratio, a child's metabolic rate is higher and their oxygen consumption is greater than that of an adult. Therefore, their exposure, by inhalation or dermal transfer, to any air pollutant, is greater. Fetuses and newborns are most sensitive to dioxin exposure.
In most industrialized countries, concentrations of dioxins in environmental samples, food, human tissues and breast milk have declined during the 1990s, mainly owing to the enforced environmental regulations. However, this study is focused on a period approximately 20 years earlier, beginning in the late 60s, at a time when dioxin releases were uncontrolled.
Dioxins have been documented in breast milk worldwide (Koppe et al., 1991; Duarte-Davidson et al., 1992; Koopman-Esseboom et al., 1994) . The list includes chemicals from the Indian subcontinent transported to the high Arctic by global winds (Davies and Mes, 1987; Dewailly et al., 1989) , and dioxins and furans from incinerator emissions (Smith, 1987) .
Rodent experiments have shown that alterations in the fetal hormonal environment, caused by factors such as TCDD, can modify the epigenome, and these changes are inherited and maintained throughout life (Hilakivi-Clarke and de Assis, 2006) . Rats exposed to a single dose of TCDD on gestation day 15 retained undifferentiated terminal structures on post-natal day 68 (Fenton et al., 2002) . Exposure effects of dioxin include delayed proliferation and differentiation of the mammary gland as well as an elongation of the window of sensitivity to potential carcinogens (Birnbaum and Fenton, 2003) . Mammary gland differentiation and cell proliferation in pubertal rats after acute exposure to TCDD show inhibited cell proliferation and gland development (Brown and Lamartinere, 1995) .
Persons chronically exposed to urban air pollution show more chromosome damage in human somatic cells, and low DNA repair efficiency increases susceptibility to this damage (Knudsen et al., 1999) . Breast cancer patients have more damaged DNA and display decreased DNA repair efficiency (Blasiak et al., 2004) .
DMS
During the course of acid rain studies into the transformation of SO 2 to SO4 2À , dimethyl sulfate (DMS), an intermediate, Chronic diseases and early exposure to airborne mixtures Argo metastable state, with an B3.5-day atmospheric half-life, was identified in the downwind plume from coal-or oil-fired thermal generating stations (Eatough et al., 1986a; Lee et al., 1980, Hansen and Eatough, 1991) . DMS forms in a complex series of reactions with SO 2 , depending on the fuel. It is assumed that the DMS observed with heavy oil and coal also forms when these fuels are used in other source types. Concentrations of 40-50 p.p.b. were reported in the vicinity of an industrial process using DMS as a reactant (Hansen and Eatough, 1991, p 200) .
DMS is an alkylating agent that not only reacts with nucleic acids in vivo, but has also produced cancers in rats after a single exposure and is an IARC class 2A probable carcinogen associated with the development of brain tumors in rats (IARC, 1982 ). An excess of brain, liver and lung cancers, together with local sarcomas that metastasize, was observed (IARC, 1974) . Four cases of bronchial carcinoma, in men occupationally exposed to DMS, have been reported (IARC, 1982) . DMS has vesicant properties and is considered an ideal poison gas or chemical weapon (Auer, 1918 (Auer, , 1922 Littler and McConnell, 1955; Schettgen et al., 2004) . Early examples of DMS poisoning include eyes, mucous membranes, throat, lungs and liver (Molau, 1920; Littler and McConnell, 1955; Rippey and Stallwood, 2005) .
The alkylating action of DMS and its carcinogenicity have been described (van Duuren et al., 1974; Hoffman, 1980; Mathison et al., 2004) . The potential toxic pathways of DMS in an occupational setting are inhalation, dermal and gastrointestinal (Rippey and Stallwood, 2005) . DMS is regulated worldwide, either as a carcinogen or as a potential carcinogen, with exposure limits as low as 50 mg/m 3 and as high as 5000 mg/m 3 . Several less potent products have been identified in the downwind plumes where DMS is found, including bishydroxymethyl sulfone in aerosols, ethylene sulfite in the gas phase, methane sulfonic acid from the photochemistry of dimethyl sulfide; dimethyl sulfoxide, dimethyl sulfone and hydroxy-methane sulfonic acid (Eatough et al., 1986b) .
Growth of DMS, in relation to the total sulfur present as SO 2 , was measured in situ over a transit time of 5-6 h (Hansen and Eatough, 1991) . With average winds of 12 km/ h, this would amount to distances of B75 km, during which time the observed DMS showed constant growth. My graphic estimate, Eq. (1) (Hansen and Eatough, 1991, 
All of the chemicals released from a source, including the SO 2 that ultimately transforms into DMS, have an origin in the stack(s), and will be dispersed in a way that can be described with a Gaussian plume model and variants. Any release described with a Gaussian plume model declines exponentially in glc with distance from the stack, after first passing a maximum, usually in the first 5 km. DMS formed in the plume after it leaves the stack, or any other species depending on time of flight of the plume, will show a pattern of exponential growth with distance. An early manual of dispersion (Turner, 1961) was used to build a simple Gaussian plume model, with an output that compares favorably to currently available models (Masters, 1991) . Chronic exposures lasting decades can be satisfied with very simple dispersion models, when long-term wind records (30 þ years) are of the same order of time as the duration of the minimum exposure (26 þ years). Dispersion of a Gaussian plume is from a 75-m stack, with winds from any direction at 3.33 m/s, and emission rates as calculated. Thirty-year winds are from Environment Canada (Environment Canada, 1981) . A wind speed of this magnitude is in the 85th percentile for all stations operated by Environment Canada.
The cancer cell phenotype has been presented as a set of necessary genetic changes, from one to three, for any particular set of developmentally identical cells (Thilly, 1988) . In theory, a person in whose tissue an early genetic change takes place will have a higher number of cells containing the necessary number of genetic changes. If the genetic changes occur early, then an early tumor is expected; if late, then a late tumor is expected; and if they do not occur, then no tumor is expected. It follows that a study of cancers with an etiology that includes early exposure, when an individual is unusually susceptible during periods of rapid cell proliferation (in utero, the developing child and puberty), is of particular value.
An estimate attributing 5-15% of cancers to a cause of chronic chemical exposure to the physical environment was made (Doll and Peto, 1981) . It has been suggested that about 80-90% of human cancers are caused by environmental carcinogens, which are closely related to the daily life of humans (Hirono, 1983) . 
Hypotheses
There are two hypotheses in this study that can be tested.
1. People are predisposed to genetic change that may eventually lead to tumors. A person in whose tissue an early genetic change takes place will have a higher number of cells containing the necessary number of genetic changes. If the genetic changes occur early, then an early tumor is expected; if late, then a late tumor is expected; and if they do not occur, then no tumor is expected. 2. Female participants are predisposed to breast cancers when simultaneously exposed at an early age to plumes of dioxins and DMS, and the earlier the age of first exposure the greater is the risk.
Method
The EQDB is a purpose-built geographic information system that contains over 126,000 lifetime residential addresses for B20,000 cases, with 1 of 15 rare or poorly understood cancers and B5000 controls (Argo, 2007a) . The EQDB contains the location of all instances in Canada of B50 source types, coded with US-SICs, the location of B10,000 municipal waste dumps and water treatment records for B3500 communities. All sources and subjects are geolocated using the Canadian postal code, with a precision in urban locations of ±100 m, supported by 1:50,000 topographic maps as needed. Sources are classed according to the detail contained in the records: major sources have annual records and their history extends from B1955 to 1990. Minor sources have less complete records and appear in three profiles, 1972, 1987 and 1990 . The exposed population, shown in Table 1 , is from summing the population of all communities with a relevant source type in the 1991 Census of Canada (Statistics Canada, 1991) . The median and 5th percentile of the underlying distribution of the male sex ratio, M/(M þ F), was obtained with stochastic analysis.
There are seven age cohorts: in utero, birthr5, 5r10, 10r15, 15r20, 20r25 and 25r30 years. Any subject born in the study period is included in the in utero cohort with age ¼ 0. All other ages are calculated from 1970. The prevalence of non-smoking in women during the study period is 0.6473 (Hackland, 1976; Kaiserman and Rogers, 1992) . Breast cancer cases represent 24.95% of the female cases and the female equivalent sites are 6.329 breast cancers per female cancer (Argo, 2007a) . Then every query case represents 1Âð1 À 0:4758ÞÂ0:6473Â0:2495Â6:329 ¼ 0:5358 F; n=s; breast cancers:
The number of control equivalents, partitioned for gender and smoking, adjusted for the case:control ratio, 3.902, is, 1Âð1 À 0:4758ÞÂ0:6473Â3:902 ¼ 1:3240 F; n=s controls Table 1 shows the distribution of female breast cancers and controls as a function of the age of first exposure. There are intervals with no controls. This is dealt with by adding 1 control, on the assumption that it is irrational to concede that there are no unaffected persons of the same age, gender and smoking history, that is, a control, in a cell or interval. The number of blank controls in the cohort that was altered is indicated in parentheses that is, (þ 3). The total number of controls used in the calculation is to the left of the parentheses, that is, 8(þ 3). Table 2 shows the distribution of female breast cancer equivalents and control equivalents as a function of their distance from the source. The underlying distribution of distance is obtained with stochastic analysis (Crystal Ball ver. 4.0, Excel ver.5.0) using 100,000 iterations, repeated. The parameters of a Gamma distribution are shape, scale and location. These are formulated from the mean, m, and standard deviation, s. Shape is m 2 /s 2 and scale is s 2 /m. Location is the origin, equal to 0 offset. The mean and standard deviation of distance for cases and controls are extracted from the EQDB records for each source type.
The location of the mode, in km the 2.5th, 50th and 97.5th percentiles for cases and controls are in Table 2 . The number of cases and controls, in the database records living rmode, r2.5th, 42.5thr50th, 450thr97.5th percentiles are in Table 2 . There are no subjects living 497.5th percentile of distance for any source type. To calculate the relative risk (RR), the cases and controls are taken from the ''space,'' defined by the parameters of the cases.
The expected number of cases, using the age-adjusted rate for breast cancers in Canada, 94.1/100K (Canada Minister of National Health and Welfare, 1995) , is estimated on the assumption that the female population is distributed in the same manner as the cases. Any other assumption, other than uniform, infers potential clusters. The distribution of cases is determined from the database records for every 1 km. Table 3 examines the association of excess female breast cancer within 25 km of each source type vs process, boiler, SO 2 , DMS, dioxin and flare releases (Strosher, 1996) (oil refineries only) with multiple linear regression.
There are three significant sinks for sulfur: SO 2 , the aerosol and gaseous DMS. The concentration of DMS in the gas phase is several orders of magnitude greater than DMS in the aerosol (Hansen and Eatough, 1991, p 204ff.) and DMS in the aerosol is therefore ignored.
A review of the data on nucleation in the atmosphere indicates that when SO 2 is present, SO 2 -to-aerosol conversion dominates the Aitken nuclei count, and about 80% of the sulfur released can appear in the aerosol. The dynamics of aerosol formation critically depend on the presence of SO 2 , NO and hydrocarbon (Whitely, 1978) . In the presence of hydrocarbon and NO x , releases from kraft, sulfite and coke ovens favor the production of aerosol, and only about 20% of the SO 2 available transforms into DMS. Under ambient conditions around oil refineries, copper, nickel and lead/zinc smelters up to 80% of the SO 2 available may be transformed into DMS. Glc of DMS potentially depends on the time of flight and the [SO 2 ] at 2 km (Eq. (1)) and is, initially, less than the glc of SO 2 .
The sample space for each source type includes seven age cohorts distributed over twenty-five 1-km cells, a total of 175 events for each carcinogen present. Dioxin from the source and DMS from the plume, both recognized carcinogens, represent releases potentially present from both modes of dispersal (exponential decline and growth) and all source types.
Let Pr{Dx} represent the probability of an adverse outcome following intermittent residential exposure to dioxin, and Pr{Dm} represent the probability of an adverse outcome following intermittent residential exposure to DMS. Since dioxin and DMS are independent,
PrðDx and DmÞ ¼ ðPrðDxÞÂPrðDmÞÞ
The only change that can happen is diminution of the dioxin by dispersion or increase of the DMS with growth. All the age cohorts in a distance cell are assumed to be exposed to the same concentration of dioxin or DMS. The product is calculated for each age cohort and summed. The frequency of occurrence of the summed product, over the twenty-five 1-km distance cells, is applied to the female population in each distance cell of the sample space. This, normalized to the observed cases, is the estimated number of cases, written Est.{Dx þ Dm}, to indicate that it is derived from [Dx] or [Dm] and can be compared with the observed cases in the same space.
Results
There is an inverted male sex ratio in all communities in which the source types are located, taken from the 1991 census of Canada. All the male sex ratios (SR ¼ M/(M þ F)) in Table 1 favor female births (SRr0.50) and are an indicator of potential chronic dioxin exposure from every source type (Solomon and Schettler, 2000; Jongbloet et al., 2002; Ryan et al., 2002) . With the possible exception of lead/ zinc smelters, the sex ratio of the 5th percentile everywhere is below the corresponding value for the entire population calculated from the 1991 census. This infers that external forces other than conventional SES factors are present, and as such the heavy industries in these communities can legitimately be examined for cause (Argo, 2008) . Table 1 shows that the number of cancers in an age cohort declines as the age of the cohort increases, for all source types. For all age cohorts from in utero to 15o age r20, and for all source types but lead/zinc, the apparent RR is elevated and significant. The overall RR for all source types and age cohorts, except lead/zinc, is apparently elevated and significant. Lead/zinc smelters have the fewest number of the affected population and this may play a role in the associated results. Table 2 presents the results of a stochastic analysis of the distribution of cases and controls with respect to the source for each source type. The four distance-related terms are the mode; r2.5th percentile of distance; from the 2.5th to r50th percentile of distance; and from the median to r97.5th percentile of distance. For all source types, the number of cases less than the median distance is less than the number of cases greater than the median distance. This cannot be understood with a Gaussian plume alone, which would have a continuous, exponentially declining concentration of the carcinogen, and supports the presence of a new source of risk with an origin in the plume. Tests of association between excess breast cancers and the calculated dose of emissions from process, SO 2 , boilers, DMS and dioxin and flares are in Table 3 . Flares are present only with oil refineries. The value of R 2 from the multiple regression ranges from 0.566 for sulfite pulp upward. DMS is a statistically significant term for all source types except coke ovens and lead/zinc smelters. Table 4 shows that the crude rate of breast cancer, averaged over the 25 km of the study area, for each age cohort and source type, is least when the conditions of initial exposure are [SO 2 ]Z[DMS] and increases as [SO 2 ] increases. Increased SO 2 release leads to more SO 2 at 2 km and this potentially leads to more DMS by Eq. (1), depending on the sulfur sink available. The logarithm of the aggregate crude rate, including all age cohorts, is a function of SO 2 at 2 km during first exposure with R 2 ¼ 0.635, P ¼ 0.057. As the total is a function of [SO 2 ] (therefore, DMS), then the parts, the individual averaged crude rates for each age cohort must also be a function of SO 2 (and DMS). Table 4 shows that the youngest cohorts with the highest crude rates are the most susceptible. Figure 1 shows the observed and estimated breast cancers calculated using releases of dioxin and DMS for subjects within 25 km of all oil refineries. Est{Dx þ Dm} is the estimate of cases as described earlier, normalized to the observed cases. The estimate can be made with unadjusted (unadj.) or adjusted (adj.) dioxin releases (see below). In Figure 1 , HC is the number of cases calculated with the Health Canada rate for the same population. Normalization uses a fraction of the total female population, and this fraction ranges upward from B0.03, with an average value excluding lead/zinc of 0.05 (Table 5 ). The actual population of young women in the age cohort o15 for each source type is not readily available from the census, preventing an absolute estimate.
A feature of Figure 1 is the large value predicted in the first 5-7 km. This is found with all source types in approximately the same position, and is an artifact of the model. Figure 2 is provided to show, in a comparative format, the observed cases, estimated cases (Est.{Dx þ Dm}) and profiles Pr{Dx} and Pr{Dm}, all with respect to distance. Figure 2 shows that the trend of observed cases is in contrast to the trend of Pr{Dx} but does approximately follow the trend of Pr{Dm}. Therefore, the model is adjusted to constrain dioxin concentrations to [Dx]r [Dm] . Figures 3-8 show that estimated cases, adjusted to constrain [Dx]o[Dm] ( ¼ adj. Est.{Dx þ Dm}), are strongly correlated with observed cases over the full 25-km study space for all source types but lead/zinc smelters. The estimated cases in Figure 9 , lead/zinc smelters, use unadjusted [dioxin] . Table 5 shows the one-sided w 2 test, and the Pearson product moment correlation coefficient applied to Est.{Dx þ Dm) vs observed cancers. Oil refineries show a w 2 test that is greater than the critical value, 42.98, for a ¼ 0.005 and n ¼ (25À1) ¼ 24 (Kanji, 1999) . A case with the first exposure during puberty, aged 11-15 years, in 1967-1970 is a woman aged 37-41 years when Table 4 . Crude breast cancer rates averaged over 25 km (exposure age o31 years in 1967-1970; collection 1993-1995 Figure 2. Observed and estimated breast cancers from dioxin and DMS releases for residents, aged o31 years, within 25 km of all oil refineries in 1967-1970. collected in 1993, and her age would classify her breast cancer as pre-menopausal. An in utero infant case, born in 1968, is 26 years when collected in 1993. These represent the age range of adults in 1993, who comprise the in utero to age r15 cohorts, and illustrate that this study has principally addressed pre-menopausal breast cancers. The cancers calculated with the Health Canada rate do not make a distinction between pre-and post-menopausal. For all source types, there is everywhere an excess of breast cancers, with respect to the Canada rate. 
Discussion
The purpose of this study is to increase the understanding of previously unconsidered factors in the physical environment potentially acting as risk factors for female breast cancer. The EQDB permits a description of the physical location of a resident in terms of distance from multiple source types. Under the conditions of this study, all subjects can be described as exposed, at home, to a common set of carcinogens: dioxin congeners and dimethyl sulfate, each with an origin in the seven source types considered. Other sources are ignored. In 1993, 15,455 new cases of breast cancer were identified; in 1994, 15,860 new cases were identified; and in 1995, 16,161 new cases were identified for a total of 47,476 cases during the collection period (National Cancer Institute of Canada, 1998 Canada, , 1999 Canada, , 2000 . In this study, 7868 new cases of breast cancer were estimated, or 16.5% of the total.
The counter-current concentration gradients of the two chemicals, as well as their description in terms of BaP equivalents, are seminal to the description of the breast cancer distribution in the sample space. The changing relative proportions of dioxin and DMS constantly modify the exposure in each 1-km segment. At its worst, this study shows that female breast cancers are potentially strongly correlated (Table 5 ) with simultaneous exposure to two carcinogens, one a promoter, declining exponentially with distance from the source, and the other an initiator, a primary carcinogen, increasing exponentially with distance from the source. At its best, this study names those carcinogens as dioxin congeners and DMS.
The population of cases between the median distance and the upper bound exceeds the population of cases between the lower 2.5th bound and the median distance. This cannot be explained by a single exponentially declining Gaussian plume and confirms that a new source of risk, potentially a plume of DMS, is present for all source types considered.
For all source types, there is a condition in which mg BaP equivalents of SO 2 Dmg BaP equivalents of DMS. The median relative potency of SO 2 is rp50 ¼ 0.21 and of DMS is rp50 ¼ 2.2 (Jones et al., 1988 Table 4 shows that kraft, sulfite and coke ovens reach this point near 24 km; oil refineries, copper and nickel smelters reach this point near 16-18 km and lead/zinc smelters reach it near 13 km. Occupational regulation of DMS ranges worldwide down to 50 mg/m 3 . In our study, this value is exceeded for oil refineries at 21 km, for copper smelters at 15 km and for nickel smelters at 16 km. For all other source types, the value of 50 mg/m 3 is exceeded at Z25 km. The failure to account for lead/zinc smelters stems principally from using only one example, that at Trail BC. The other large lead/zinc smelter, at Belledune NB, was inaccessible because New Brunswick opted out of the original EQDB study. Trail is in the mountains where conventional dispersion is obstructed by geographic impediments, and has a relatively small population.
The first hypothesis is supported by the observation that the greatest number of cases appears in the youngest cohorts Figure 9 . Observed and estimated breast cancers from unadjusted dioxin and DMS releases for residents, aged o31 years, within 25 km of all lead/zinc smelters in 1967-1970. (in utero and bo5) and the number of cases in a cohort declines as the cohort ages. The first hypothesis is also supported by the data on crude rates calculated for age cohorts and source type. The youngest subjects have the greatest crude rate. The aggregate crude rate is positively and significantly correlated with [SO 2 ]. From Eq. (1), the concentration of DMS is positively correlated with [SO 2 ] at 2 km, and therefore the aggregate crude rate is also positively correlated with [DMS] .
The second hypothesis is supported by data in Figures  3-8 in which cases estimated from the concentration of dioxin and DMS in a cell (adj. Est.{Dx þ Dm} ¼ adj. Pr{Dx þ Dm} Â F. Pop. for [dioxin] o{DMS]) are strongly correlated with the observed cases ( Table 5 ). The probability of an adverse effect from simultaneous, early and intermittent exposure to dioxin and DMS, manifesting as a premenopausal breast cancer after a latency period of as little as 26 years, can be expressed as a function of age of first exposure, dioxin congener concentration and DMS concentration.
A study of children dying from leukemia or cancer, aged 0-15 years, in England, Wales and Scotland, from 1953 to 1980, included a goal to identify relationships between birth and death addresses and potential environmental hazards. Excess leukemias and solid cancers were found near oil refineries, major users of petroleum products and users of kilns and furnaces, including steelworks, power stations, aluminium, zinc and iron and steel foundries (Knox and Gilman, 1997).
Cancer incidence and mortality in proximity to a petrochemical plant in South Wales, studied in response to concerns of alleged clusters in a population of 112,000, found that there were 5417 incident cancers and 2458 cancer deaths within 7.5 km of the plant. There was no apparent decline of solid cancers or leukemias with distance from the plant, at all ages, or in children (Sans et al., 1995) . This, to our knowledge, is the first time that dimethyl sulfate, a ''one-hit'' IARC class 2A carcinogen with welldefined genotoxic effects in airborne mixtures from seven industry types, has been statistically associated with female breast cancer. Given the ubiquity of airborne sulfur and airborne dioxin contamination from industry, a further study is urgently needed. This suggests that DMS has been overlooked or, worse, ignored, in earlier studies concerning the health effects of airborne sulfur.
